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TRANSLATIONAL STUDY OF GUNSHOT INJURY TO THE COLON BY MODERN TYPES
OF BULLETS
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Gunshot injuries to the colon are frequent in combat casualties, including the current invasion of Russia into Ukraine.
Colon wounds are associated with high mortality and severe purulent-septic complications. In this translational study, we
investigated gunshot wounds to the colon in 374 servicemen who were injured in East Ukraine. In the experimental part, a special
certified ballistic gel 10 % FBI Ballistic Block was used for ballistic analyses of various bullets to confirm clinical data. Data
analyses showed that the severity of colon injuries depended on the type of wounding projectile, which was confirmed in gel
experiments. The action of the wounding projectile bullet “V-Max” 5.45x39 mm (with expansive properties) showed significant
differences in relation to the colon injury as compared to the usual all-shell claw “PS” (p<0.05). Hollow-point bullet wounds
require different surgical tactics as opposed to full-shell bullet wounds.
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TPAHCJAIIAHE TOCJIIKEHHA BOTHENAJIBHOI'O ITIOPAHEHHS TOBCTOI KAIIIKH
CYYACHHUMHU BUJIAMMU KVJIb

BornenanbHi mopaHeHHs TOBCTOI KHIIKK € YaCTUMH ITpU GOHOBHX BTpaTax, BKIFOYHO 3 Cy4acCHHM BTOPrHeHHsM Pocii B
Vxpainy. [lopaHeHHs! TOBCTOI KMIIKU MOB’sI3aHI 3 BUCOKOIO JICTAJIBHICTIO Ta BAKKMMU THIHHO-CENTUYHUMH YCKJIQIHCHHIMH. Y
[LOMY TPAHCJIAILIIHOMY JOCIIPKCHHI MU JOCIIPKYBaIA BOTHENAIbHI MOPAHECHHS TOBCTOI KUIIKK y 374 BIICHKOBOCITYKOOBIIIB,
SKi OTPUMaJIM MOpaHeHHs Ha cxoni YkpaiHu. B excrepuMeHTanpHi YacTHHI IJisi GaMiCTHYHOTO aHaNi3y PI3HUX Kylb Ui
HiJTBEPIUKCHHS KIIHIYHUX JaHUX BUKOPHUCTOBYBABCS CleLianbHuii cepTudikoBanuii 6anictuunuii rens 10% FBI Ballistic Block.
AHati3 TaHuX TI0Ka3aB, 0 TSDKKICTh YIIKOIKEHb TOBCTOI KHIIKH 3aJIe)Kala BiJl THUITy PaHIOUOTO CHapsAa, M0 OYJIO MiATBEpAXKECHO
B eKCIlepUMeHTax 3 resieM. [is pantodoi cHapsaaHoi Ky «V-Max» 5,45x39 Mwm, 1110 Ma€ po3IUpIOBANbHI BIACTHBOCTI, B YpaKeHii
4YepeBHiH MOPOXKHUHI 3 MOMIKOPKEHHSIM TOBCTOI KUIIIKK Ma€ NOCTOBIpHI BiqMiHHOCTI (p<<0,05) Bix 3BMUaifHOI CyiIbHOT1TE30BOT
Kynbm0Boi «IIC». TToposKHHCTI KyIbOBI IIOpaHEHHS! BUMAraloTh 1HIIOI Xipypri4HOl TaKTUKU Ha BIIMIHY BiJ IOBHUX KyJIBOBHX
MOPaHEHb.

KonrouoBi cioBa: BorHenanbHe NOpaHEHHs, TOPAHEHHS TOBCTOI KHIIKH, OOHOBE TpaBMyBaHHs, IOPOXKHHCTA Ky,
0aJTiCTHYHUIA TeITb.

The study is a fragment of the research project “Development of the medical care system based on the experience of
implementing measures to ensure national security and defence, repel and deter armed aggression of the Russian Federation”,
state registration No. 0120U101456.

Mortality among wounded to the abdomen is high [8]. The frequency of injuries to some abdominal
organs, including colon injuries, is increasing as judged from the known wars and armed conflicts: World
War II — 28.0 %, Korean War — 31.5 %, Vietnam War — 15.8-26.5 %, Arab-Isracli war —37.2-41.0 %, US
surgical centers 15.3-41.6 %, ATO/OOC in Ukraine — 26.2 %. Injuries to the colon in the structure of
combat injuries of the abdomen account for up to 43.0% with penetrating wounds, constituting the second
place in frequency after damage to the small intestine [4]. Most colon injuries are associated with
penetration, with a most frequent injury to the ascending and transverse colons [1, 3]. It is a high demand
to investigate the ballistic features and combat trauma, considering the permanent aggression of Russia
against Ukraine since 2014 in a hybrid manner, and since February 2022 as a full invasion [6, 14].

With a combat injury to the abdomen, the incidence of postoperative complications is 54.0-81.0 %.
Mortality is 12.0-31.0 % [4, 9, 12], and according to other data (9, 10) in recent military conflicts with
damage to the colon, it reaches 65.0%, remains high and is associated with severe purulent-septic
complications.
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The purpose of the study was to investigate and evaluate both clinical and morphological features
of the gunshot wounds of the abdomen with injuries to the colon by whole-shell balls and semi-shell balls
with expansive properties.

Materials and methods. Clinical cases of gunshot wounds to the abdomen in 374 servicemen with
injuries to the colon were studied, with a follow-up period from 2014 to 2020 during the fighting in East
Ukraine. In 262 (70.1 %) cases there were gunshot shrapnel wounds, in 112 (29.9 %) cases there were
gunshot bullet wounds included in the study. The average age of these wounded was 21.3+3.7 years. They
were taken to advanced nursing brigades and to the second level of care in military-mobile hospitals. For
diagnostic and therapeutic purposes, the staff complex of laboratory and instrumental research of the
second level was used. All the wounded were admitted in a state of shock of various stages and were placed
in the intensive care unit, where they underwent measures of anti-shock therapy with diagnostic tests. All
wounded were operated, the size of the inlet and outlet was determined, the Colon injury scale was used to
assess the nature of colon damage, and the presence of foreign metal bodies — bullets, signs of
fragmentation, number of fragments and deformation were assessed by radiological signs of the abdominal
cavity [9].

In the experimental part as a ballistic material, used a special certified ballistic gel 10 % FBI
Ballistic Block made in the USA.

The 10 blocks of ballistic gel were used, in which one shot was fired with different cartridges with
full-shell bullets such as Full Metal Jacketed (FMJ) “PS” 5.45x39 mm, with a steel core (7H6), and
cartridges of the same caliber 5.45x39 mm, equipped with expansive bullets such as Jacketed Soft Point
(JSP) type “V-Max”. The experimental part was performed in line with previously described protocols [11,
12, 15].

Shots were fired from AKS-74 automatic firearms from a distance of 100 meters. The experiments
were performed under normal environmental conditions (temperature 25°C, relative humidity 72 %,
atmospheric pressure 738 mm Hg/h). After the shots, planimetric studies of the wound canal in a ballistic
gel were performed, and the presence of additional radial gaps was visualized as a manifestation of the
effect of the temporarily pulsating cavity. The Wound Profile method (WP) measured the length of two
maximum gaps to estimate the radius of the temporarily pulsating cavity, which is equal to: r tp = (r max1+r
max2)/2.

Statistical analysis of the results of the study was performed using the methods of non-parametric
statistics according to our previous experience. We evaluated the frequency characteristics of indicators for
qualitative parameters (P) and averages for quantitative data (arithmetic mean — M) with an estimate of
their variability (standard deviation — o). The average error of the studied indicators (m) was also
determined with an estimate of the confidence interval. Mathematical processing of the obtained results
was performed using the Student's t-test. The difference between the mean values of the studied trait in the
main and the observation group was accepted if the p-level of the relevant statistics was less than 0.05.
Empirical values of statistics were calculated using the Statistica 12.0 software package. The received data
were processed using Microsoft Excel 2016 software.

Results of the study and their discussion. Among 112 gunshot wounds in 69 (61.6 %) cases there
were injuries from a full-shell bullet, in 43 (38.4 %) — a bullet with expansive properties.

According to the results of a clinical study in 69 (61.6 %) cases of COC injuries, the size of the fire
inlet on the anterior abdominal wall was 0.5+1.2 cm. In 43 (38.4%) wounded EC, the corresponding size
was 4.5£2.3 cm (p<0.05).

The presence of a penetrating wound of the abdomen was diagnosed in 55 (49.1 %) wounded, the
size of the outlet was 4.243.5 cm.

57 (50.9 %) of the wounded were diagnosed with signs of blind injury. According to the results of
X-ray examination of the abdominal cavity, 14 (24.6 %) wounded were diagnosed with a foreign body — a
whole ball. In 43 (75.4 %) there were signs of deformation of the ball, and a variety of multiple foreign
metal fragments of 5 or more, different sizes, which was a sign of fragmentation of the ball directly in the
abdominal cavity.

During the operation, damage to the colon was found in all 112 wounded. It should be noted that
the largest number were wounded with II degree — 54 (48.2 %), where the wall rupture was up to 50 % of
the circle, I degree — 28 (25 %), with contusion and hematomas of the wall, signs of partial rupture, but
without perforation, and the most severe were injuries with IV and V degree of damage, respectively — 9
(8.0 %) and 3 (2.7 %) wounded (Table 1).
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Table 1
The degree of damage to the colon on the scale Colon injury scale
Degrees Description of damage Amount %
1 Contusion or hematoma without devascularization, partial rupture, no perforation 28 25%
II Wall rupture up to 50 % of the circumference 54 48.3 %
1 Wall rupture over 50 % of the circle without intersection 18 16 %
v Transverse rupture of the colon 9 8.0%
A% Transverse rupture with segmental tissue loss, devascularized segment 3 2.7%
Total 112 100 %

Analyses of the topographic and anatomical localization of wounds showed the following results
for the gunshot wounds of the colon with a full-shell bullet (n=69) vs. gunshot wounds of the colon by an
expansive bullet (n=43), respectively: caecum 6 (8.7 %) vs. 2 (4.6 %); ascending colon 9 (13.1 %) vs. 9
(21 %); colon hepatic angle 3 (4.4%) vs. 4 (9.3 %); transverse colon 10 (14.5 %) vs. 7 (16.2 %); colon
spleen angle 5 (7.2 %) vs. 1 (2.3 %); Descending colon 21 (30.4 %) vs. 12 (28 %); sigmoid colon 15
(21.7 %) vs. 8 (18.6 %).

Clinical cases of gunshot wounds of the colon are presented in Fig. 1.

In the wounded in the abdomen with damage to the colon, through and blind types of abdominal
injuries were observed, with the presence of a solid bullet in the abdominal cavity and its deformation
(Fig. 2), or fragmentation in the form of multiple metal fragments.

L

Fig. 1. Gunshot wound to the abdomen with multiple injuries Fig. 2. View of a deformed bullet in the abdominal
of the colon (II-III degree of damage). cavity with a mushrooming effect

BAR~

The length of the wound channel in the ballistic gel when fired with FMJ “PS” was 30.5+1.7 cm,
when fired with JSP “V-Max” —24.8£1.5 cm (Fig. 3).

A study in a laser green beam made it possible to clearly diagnose the course of the wound channel
and radial breaks in the ballistic gel; they radically differed both in size, shape and their number. In a
ballistic gel with a “PS” bullet pierced in a green laser beam with multiple radial breaks, radial breaks were
found only around the residual cavity in an amount of up to 10, they were small in size — 0.8+£0.5 cm.
When examining the wound canal after being shot with an expansive bullet “V-Max”, it was found that the
shape was different spindle-shaped (Fig. 4), the size was larger — 1.8+1.5 cm.

Fig.3. Illustration of the ballistic gel with a shot of JSP “V-Max”. Fig. 4. The shape of the wound canal in a ballistic

gel with a shot of an expansive bullet “V-Max”, in a
green laser beam with multiple radial gaps.
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The study of the shape of radial gaps in the frontal plane allowed us to calculate the length of the
two maximum gaps when firing an expansive bullet “V-Max”, which were 1.4 and 1.5 cm, respectively.
The radius of the temporarily pulsating cavity for the FMJ “PS” was 1.4+0.8 cm, for the bullet “V-Max”,
respectively — 2.25+1.3 cm.

The experiment allowed us to study the properties of these balls on a ballistic gel as a simulator of
biological tissues, where the length of the wound canal was significantly shorter when firing an expansive
bullet, compared to a conventional full-shell bullet as shown in Table 2.

Table 2
Parameters of the wound canal in ballistic gel as a simulator of biological tissues
Parameters FMJ “PS” 5,45x39 mm, n=10 JSP “V-Max” 5,45x39 mm, n=10

Wound length channel, cm 30.5¢1.7 24.8+1,5

The number of radial breaks <10 <100

Dimensions of radial breaks, cm 0.8+0.5 1,8+1,5

lj;\iltl;: ;)rflthe temporarily pulsating 1.440 8 295413

Wound form channel Conical Fusiform

Results from this translational study to indicate that different types of bullets have their own
specific signs of injury to the abdomen and specifically to the colon [14]. These signs are important
because they determine the scope and tactics of surgery. Our results are in line with other studies,
showing the possibility of determining which wound projectile caused the injury by the size of the inlet
and outlet gunshot holes, perforated or penetrated abdominal gunshot wound, the judgement of
radiographical data from the abdominal cavity, the presence of a solid ball, or its deformation,
fragmentation [1]. In this study, we showed that colon injuries were presented as grade II or higher (by
Colon injury scale) in the case of the wound by an expansive bullet due to its fragmentation and
deformation, which was subsequently confirmed by ballistics experiments in this study as well as
confirmed by analyses of other reports [11, 12, 15]. We have also performed analyses of the relation
between the volume of surgical operation and the kind of projectile. Our basic research data in ballistic
gel confirmed clinical findings, indicating similar energy features in the gel and in the biological tissue,
which is in line with other clinical studies showing severe colon injury in penetrating gunshot wounds
[2]. The presence of a blind wound by such bullets causes the transfer of all kinetic energy into the
abdominal cavity, leading to severe complications in the postoperative period. Similar to other studies,
we also noticed that the abovementioned changes were not observed in case of gunshot injury by the
ordinary bullet (i.e., having perforating wound) [3, 4].

A higher frequency of multiple perforations of the colon was found in the patients after the injury
by the expansive bullets, which is confirmed by the results from our previous experimental studies as well
as confirmed by others [2, 14].

The shape of the wound canal clearly defined the differences; where for an expansive bullet its size
was larger, and the shape was fusiform, against a full-shell bullet, where the shape was conical, and its size
was smaller [7, 13]. Our experimental finding showed that radial ruptures of the colon were of great clinical
importance, as these features could be a sign of the influence of the temporary pulsating cavity and its wavy
oscillations at different distances from the wound canal, as well as reflecting the distribution of kinetic
energy scattered by the wound projectile in the simulator, which also was seen in other studies [13]. Radial
ruptures of the colon wall in the postoperative period can cause complications in the form of
microperforations, erosive bleeding, failure of anastomoses due to microthrombosis and hypoxia in these
areas as shown in our early reports and in other publications [9, 14]. Still, the complete pathogeneses of
the abovementioned changes are not fully understood, and further research should be performed in that
direction. It is also worth mentioning that the radius of the temporarily pulsating cavity was larger under
the action of an expansive bullet, which indicates a greater force of transmitted kinetic energy and,
accordingly, greater pressure in the temporarily pulsating cavity, which determines its size, which was also
shown in other studies of ballistic gel [11]. In our opinion, measurements of the length of the two maximum
gaps also reliably indicated a larger radius of the temporary pulsating cavity under the action of the bullet
with expansive properties, compared to the usual one, where such radius was smaller, which is confirmed
by other studies using ballistic gels [11].
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To sum up, the action of the wounding projectile bullet “V-Max” 5.45%x39 mm, with expansive
properties in the wounded abdomen with damage to the colon has significant differences (p<0.05) from the
usual full-shell bullet “PS” 5.45x39 mm, in the size of the entrance hole — which is significantly larger, the
presence of blind injury, radiological signs of deformation and fragmentation of bullets with multiple nature
of damage to the colon on the scale of Colon injury scale from I to V degree. The size of the wound canal,
its shape and the presence of radial ruptures with the determination of the length of the two maximum
ruptures indicate that the radius of the temporarily pulsating cavity is significantly larger (2.25+1.3 cm)
due to the transfer of all kinetic energy inside the object of damage, which causes more massive destruction
of organs and tissues of the abdomen. Expansion bullet wounds require different surgical tactics as opposed
to bulletproof bullet wounds. Studies of the impact of radial ruptures on complications in the postoperative
period require further research.
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